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ABSTRACT: 

PURPOSE:To improve the reverse withstand voltage of a storage transistor without deterioration 
of the characteristics of a transistor for a peripheral circuit by reducing the base density of a 
transistor for a memory cell to a value smaller than that of the transistor for the peripheral circuit. 



CONSTITUTIONS n type epitaxial layer 3 is superposed on a p type Si substrate 1 which has 
an n type buried layer 2, connected via an n type layer 31 to the layer 2, and a thermally oxidized 
film 61 is covered. Ions are selectively implanted to form p type bases 41, 42 and a connecting 
layer 43, and the impurity density of the layer 41 is reduced smaller than that of the layer 42. A 
CVD Si02 film 62 is covered, holes 51, 32 are opened, an n type doped polysilicon T is 
accumulated, an n type emitter 5 is formed, and a polysilicon fuse 7 is formed on a memory cell 
transistor. After a hole 44 is opened, metal wirings 8 are formed. According to this configuration, 
only the VEBO of the memory cell transistor is improved, no influence is affected to the various 
characteristics of the transistors of the peripheral circuit, reverse breakdown of the non- selected 
memory cell transistor is eliminated at the writing time, thereby obtaining an ROM having high 
reliability. 
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Equivalents: 

ABSTRACT: 

PURPOSE:To prevent the damage of sections except a fuse and the generation of a stepped 
section after the fusion cutting of the fuse, and to eliminate anxiety on reliability even after the 
increase treatment of the resistance of the fuse by silicifying at least one part of a polycrystalline 
silicon wiring layer constituting a circuit element, removing a silicified section and increasing the 
electric resistance of the wiring layer. 

CONSTITUTIONThe fuse has a polycrystalline silicon wiring layer 1 formed onto a 
semiconductor substrate and connecting sections 4 at both ends, the surface of the 
polycrystalline silicon wiring layer 1 is tungsten-silicified, and the connecting windows 4 are 
connected electrically by aluminum wirings 3. The fuse A is shaped by a material manufactured 
by silicifying the surface of the polycrystalline silicon wiring layer, layer resistance thereof is 
controlled to approximately 300OMEGA/square through phosphorus- doping, by tungsten and 
layer resistance extends over approximately 50MEGA/square and the resistance value of fuse A 
itself approximately 500OMEGA. A level at a first step can be changed over as 'H 1 V or V 'H\ 
Accordingly, the fuse need not be fusion-cut completely because of the increase of the 
resistance of the fuse, and a semiconductor device is stabilized structurally and electrically even 
after the irradiation treatment of laser beams. 
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Equivalents: 

ABSTRACT: 

PURPOSETo facilitate a cutting work of a fuse by forming a metal wiring layer in a 2-layer 
structure of low resistance wirings and phosphorus-doped polysilicon, removing upper low 
resistance wirings at the fuse, and allowing the polysilicon to remain to form the fuse of the 
polysilicon. 

CONSTITUTIONS polysilicon film 13 is grown by a CVD method on an insulating film 12, and 
phosphorus is diffused. Then, low resistance metal wirings 14, such as molybdenum is grown, 
the wirings 14 and the film 1 3 are sequentially etched by a photoetching method to form a metal 
wiring layer in a 2-layer structure. Then, the photoresist 16 of a fuse forming part is removed by a 
photoetching method, an insulating film 15 is removed by etching to expose the wirings 14 of the 
metal wiring layer of the 2-layer structure and the film 13. Then, the wirings 14 of the metal wiring 
layer is etched, the photoresist 16 is removed, and the fuse of a fuse opening 17 is formed of the 
film 1 3. Thus, the cutting work of the fuse can be facilitated. 
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Equivalents: 
ABSTRACT: 

PURPOSE:To ; enable a semiconductor memory to be prevented from deteriorating in a 
redundancy relief rate and improved in yield. 

CONSTITUTIONS polysilicon gate electrode 3 which is not electrically connected is provided to 
serve as a dummy wiring. A polycide wiring formed of two- layered film composed of a tungsten 
silicide film 8 and a phosphorus-doped polysilicon film 7 is provided to a space between the 
polysilicon gate electrodes 3 as a redundant fuse wiring. Two or more these redundant fuse 
wiring and dummy wiring (polycide wiring) are provided respectively. 
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-rat©?**, a? 

[0 0 16] 

(c*KW©Ji:St=L-X«, 1S»©^5-ESIi:, ^5 

-EiiisjKji^snfcx^-xg&t, x^-xgB©±s6 
[0017] y5-BB«st> ?s.-mm±\zmf& 

i^fcJEgffl ba-XES&fflAT ^-5. 
[0 0 18] 5Efi«ta-XE*©E«S*«0. 
7 W mKi-C*5. S&fc, 5E*fflha-XB«U:l::, a? 

[0 0 19] ±IBSW&3Sj^-r-5fcJ6tC*%||©5i:fib 
a-X©SJjg*att. 5E&b;x-Xffli:#>7V 

■rsBIC. %gto.-XS5±t©*x'X^<£ff'5. 
[0 0 2 0] Sftta-X«t#>f-f >if/\y 
H«*»J*T*Ifii, jLSta.-XS?t*>5 ; ^>^ 

[0 0 2 1] 

[fftfi] *5E^t4±SU)t«iig*J:^©39jg^t < J; 
oTJCgtm2$©ffiT£B&±T#, ^fcft^y-Oit* 

[0 0 2 2] 

[£*«] HT**flfcOV»T» *©«ltt!fct)t^ 
TBUBICRIW*. 
[0 0 2 3] CSlgJtfl] 0 1 1 ©*Jfi 50 
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0«T&3¥g#g@©8rffi0Ti&.5. Hlfc4SV»T. 1 
»->U3>S«, 2l±LOCOS«fcK. SH*U3/»J 
3>y-h^ffi, 41JTEOS8M, 5tt-9--fHCr* 
-Jl/TEOSK-fbR, 6it#D>iJ>SK^7Xi. 7 

U--fH«, 9tt*D>U>gS3?77l. lOfctX^X 

-v&immm. 1 1 u -f 3 kbit?* -s. 
[0024] *ft«KiMeanTv»av»#u5'»ja>y 

-F««3*t^$-E|i£LTmte>nT^.5., 

T, ^©#U->'Jn>y-hSS3©X^-xfiSlc, ? 

3 >B| 7 ©XJIBlT#t/££ti;fctf 'J +K PBtttf. 5Lg 

fflka.-xs*tUTae$nT^«. «»*©7cgt 

[0025] «e*©sffi-m, * y -> u 3 >y- f*s 
3©<fc5&^s-ESH;lKtte>*iTVv?\ ¥lft#D> 
U >3tK^7XK6±tc5T:gfflt:i-XE«l*^UT 

tifc. r©«t 5 &»£©«£, X^x^b^Kio 

fc*»K3WKl ltSBsSLfcgC, #>5V>i^t 
(a) ©£fc? 1 :$'>|g£|$3;TSfc*©:t-A- 
Xy?>if%mm?&t, #n>y>j£&#7XBl6# 
^IC^S^tlTL*^, ftfifflba-XEi®a*»<& 
5$£at<6*. £©*£, %*fflba.-Xi3»©E»fi 

It. 

[0 0 2 6] LfrL, XRWOZSiZp-i-mmaT.^ 

-xgBic jcsffl b ^-xEsa^tae-rs t> «e*©^s 

&#p > y >j£K# 7 xK 6 ±.\z%&m b a-XESI£ 
^Ufe^-g-tikUUT, ft^JBba-XESLhctfP 

> y 7X19 ©bupsj? < -r 5 c ta<r# 
£©<fc5&«j£©*§-&, X^Xv^ba^Ri o £#y 
-Y3 FBIl 1 *>g*-f >ifyxs» h'ffi 

(a) oaiflj^^^KftlB^-rsfcftO*- 
>^*Jli(iLTt>, *P>'J>3i^5XK6*t^|c 
l^*Sn5CtS^<, KSfflb^-XEiS^SK^-5 
::ttt!S:V>o r©&«>, JCgfflbi-XES8©ffi«etf[ 

[0027] *isw©fgi©#ii6e!rai. 5Lg«b^- 

XEiS*^>^Xx>vy-i}--f F§g£'J>K— XK#y 
-> 'J 3 >IS©=^K*ii©«'&t^ViT^ifc7!it. aj« y 

->»j3»g, ?^>->y-y-f his, tyX7 ; >->y-y-'f 

[0 0 2 8] Sfc. ^3-E«8tLT, #'J->>j3>y 
[0 0 2 9] £t±©±5fc*^W©mi©§lifi*iJfc«ttl 
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5 

to o 3 o] c^2siifi«ai] m2it*mw<Dm2<Dm& 

Ii->»J3>S«, 2t3LOCOS&fl;R, 3«#UvU 

n>y-h«ffi. 4ttTEOsK^ig, stiiMF** 

-iHEOS R-f bR. 6tt#D>U >3£R#5XR, 7 
ttU > F~X F#'J ->U 3 >R, 8 tt* >XXx>S"J 
■y--f HM, 9B#n>>J>3lg£#:7XR. lOH^X 
vMIM, 1 l ta#>M$ FR, 1 2 tin ^ h 

[0 0 3 1] «S«fc»*3ttTV»fcV»#iJ5'y:3>$r* 
-hmS3*t^5-BHil«i:bT^^SnTt^„ 
T. ^©tfUS'L) n>X-Mi&3 ta>^^ h*-;P 

F - X F # 'J -> U n >R 7 © ~ URTfllJS 5 tlfctf U it 
■f FK»«». Jt^fflt^-XEStLT^SStlT^ 
5. ig»*©JCgfc^-XES (^'JiM FES) , X 

£LT^B$nTV>5*l, 02T«0^CDffi»Sfl:(Dfcfe 

[0 0 3 2] «*©fiBBT?tt. #'J->'J:3>X-Miffi 
3©,fc?&X5-E8fi, 3^?h*-;H2£tltT 

-XE»*»*LTV»fc. C©<k5&#fig©*g£, Xv 
XTRftttRRl 0i#'J'f5FIl lSBESLfc^ 
fc. $>T4>i/Ky FfiB (a) ©^b^>R&ii* 
t"5;fc*©:*-A--x^>^£§ligrs£, #D>y 

a-XlSRa*i$< fc3«-&#&o;fc. £©*§-&, JuBffl 
t a -XESSfflESHgiriam < fc D , JE&tfci&sfSiWaT 

[0 0 3 3] L*»U *5MI!OJ:3fc3r3HE*fcRtt 
fea>^^ F^-JPittJCgfflti-XEII&Rg-ra 
£. ^*©¥a^#n>U>^R^77.R6±lc5Lgffi 
ta-XEIS£E^LfcS££Jt&L.T. n>^^F* 

-;K*3©5Egfflb j.-xE^±fcjpv^D>u ymmu 

X^Xv^k^R 1 0 £ # U -Y 5 FR 1 1 
UfcRfcjfi^TV >tffty F{$ (a) ©gfls^^Rfc 
KE*"T S fc«>©:t-A*-X 5/?>X£Hafi LT t>3 

^tlSriK^^. £!©&». Jfcgflit:r-XER©E 

WmtfiKSLtZZ. titter. 

[0 0 3 4] *^^©^2©^tg^Ttt. Jtgfflba- 
XERtf * >XX^>->U FRt U > F-X F#'J 
-> 'J 3 >R© - RR«RO«^fcoV»Tifi'efc*». # U 



(4) #H J F7-2732 0 5 

5 

-> U 3 >R, ??>->U+)--f FR, ^'JXx^'JIM 
FR, i&SWi, ^>XXx>R^£JBW5:iiUlR^- 

^R«ig©^t) K«©^**t^ e, n*. 

[0 0 3 5] X5-E«&<fcLT> #U->U3>y 

[0 0 3 6] £Jl±©i3{c*^9l©m2©^Jg«sj{cJ;tl 
tf. ftfifflfca-XESCTlfc^/SL&XS-EII. 
fe-tr^n^^ h*-;l,±lc, %gfflti-XE«S : &R 
i0 M-r^rtlCiO, 5EfifaMtjWSTr*iH5IBWIft 
KihT^T, *^«:^^U-©^S»3*JSi*SCi:*tT# 

[0037] cm 3 rhmd s 3 &#5S!8©sg 3 omm 

«->Un>SS, 2«LOCOSRfcR > 6tt#P>U 
>SI#7^i, 7tt'J>F-XF*'JyU3>R, 8 
B^XX-r^'JiM FR. 9 tt#n>U >££R#5> 
XR, 1 0 {JX^Xv^a^R, 1 1 tttfij-f 5 FR 

a? [0 0 3 8] ^>X*.5r>->>JiH" FR8£'J>F-X 
F# U *s 'J a >R 7 ©=HRT«Ran&#U iM FE 
Bifi> Kfifflti-XE«6tbT^:fi$nT^S. 
fflta-XSiCffiiittO. 7 tfmT*S. US*© 
5CShcL-XEm (#U*-f FBM» *t%g t 3.-X^ 
TtLxmmztiT^zw, @3-riiS*©ffiB&fb©fc 

[0 0 3 9] Se*©R«Ttt. 5C^fflti-XE®©E 

>;i/-;i/t?l:th3tiTv^c:i:A^<, fct^Bx-tf-f 

30 »V-)V&0. 5 «m0ifil):« 'J-TK, JEgfflt 
3.-XESS©E«|il*S0. 5tfmTabofc. il©J;5a 
«3g©«^, X5X-7^ft:SI^Rl OitflKS FR1 
SVT-f^yFI (a) ±©g 
ft^^ >R£^±-r-5fci6©*-/N--x^5 1 >X^JB 
TS£, %Sfflti-XE«l±©^n>iJ>^K5ff7X 
R6#5e£fc|S&S3ftTL*K %gfflba-XE«S** 

40 [0 0 4 0] H4H, ¥Sfts!aS!lSi^©E«gi|i£E«l± 
©#n>iJ>aR*7XR©RWi©H«*aR-r. SB 
•iWIUBif. ¥fiftiiMaic<i;oTE«ft±©#n>iJ 

>^K^7XR*tssnsfc»ic, ■e©Rjp*^<&^.„ 

#t, E«MB«tO. 6 um!ZKT\zm<t£Z>t. ES±© 
#D > U >3iRj!f 5XR©RJP*tflB»IC# < ft<5 C t «t 

[0 0 4 1] *8H«>&RftJ:5£, JtSfflka-Xi 
ROER««0. 7 jamtrat. ttJtEOESHB^ 0 . 5 
Mm©ig-&£jt«bT, 5Cgfflta-XES±©^n> 
50 'J>aR3!f5XR6©RR*R<-r*tt3j«Tr**. £ 
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© <fc 3 &«»©«£, ?7X-?&it&mm i o tjpu-f 

(a) ©^{b^^>KS'»*-r-5&»©^-A-Xi/5 L 
Htfct&lA, C©fc*. %fifflka.-XE«l©ffi«iJgft 

#jts < & o . jEgig^jWET-r 5 1 ^ 3 ®mam&.-r 

[0 0 4 2] *&W<Dm3<D$mWV}t, TC^fflko.- 

xusa** >Wf>-> u »-f Hist u > f-x f# u 

JH«#Bfi©«^-t»H*©S»«j6«ff 6*1*. 
CO 0 4 3] W±©«k5C*^W©m3©^lfiWJC«fcn 
«. %gfflta.-XiBm©E«i)B*0. 7tfm«±fr 

[0 044] C^43IJgW 05tt*^©m4©«S 

B->'J3>SS. 2«LOCOS86fcl8|, 6ti!pa>'J 
ymm.UyX.m. 7«U>F-XF#y->'J=i>l8, 8 
«:5'>XX5r>>''JtM' F&> 9«#a>U>SIS^7 
XR, 1 OttX^Xvgfc&mR. ll«#'J-f5F 
». l3«gfca*K?*;&. 
[0 0 4 5] ^XX^vUlH' FB*8£U>F-X 
H#'J S"Jn>R7©z:HBlT«lrtanfc#yu--f F*H 



^ttT^gSnTV^*^ H5TttH^©ffilfrft;© 
[0 0 4 6] fie*©feffi-Ctt. %fifflka-Xfiil© 

FH1 lftBSL&ftfc, #>TO^yW (a) 
^«-r*t» Jtfifflt3.-XE»±©^n>ij>3iK^ 

fc. !!©«£, 5£Sfflki-XBB«©E«fiia*JilS<^: 
[0 0 4 7] Uj8»U **W©*4©Sail«©J:3lc> 

K&mtzL-xsm±<Dt6&mtvTmimmmi 3£ 

^ [0 0 4 8] JCSfflka-XE*±fcffl«ri*tt 
&K©a^t» A— I?f>^CDIyf>ifW 
ht©M#^-r„ Kfta^R©Xi/^>^W hti. 
#n> u >3SS?^5XR©x-v5 L >^W h©*D 1/2 

[0049] 

[*1] 



ib * n 




* ft ei * ft 


x „ * y r U4 h 
( A m/tf ) 


0.31 


0. 1 6 



[0 0 5 0] JESfflkrL-Xffi«±(C3pn>>J >3&# 

7X^9, szimitmrnmi 3&mfc?z>t. «&© 

# D > U >Ji&# 77IS9 Lfc®^ t Jttfcb 

T, ^-A , -X^?>^©X^g 1 >^g$^T^.5 

HCfcafc, 5L^ffl kj.-XES6©EiSffiiria*g < fS. 

[0 0 5 1] *^©^4©^JS^-CB, TCSfflbi- 

X8B«a** >xxx>->u u--r FRi U > F-X F# <J 
U 3 >K©x®K«|ifi©JS^tc^ viTSE^fc*t, # >J 
->U3>Bt, ^>->D1MFR> ^XT^U-iM 
FR. fcStAB^XX^R^fcfli^fciJUgR^zija 

mmm ©$£ *> ras©$s&at# s ns . 

[0 0 5 2] *35E©3i4©§liSf«T«, jLgfflta.- 



3t^R©)@(c»)*b&«^ ! big«©iie«*t#eti-5. 
[0 0 5 3] K±©<fc5ir*55ig©S4©^igWfc<tn 

40 3i»^7XK©=ST*^$nfejei&M!£^-r*rt 

[00 54] C^5||JIW] 136-01 2tt*56?J3©Sil 

5 ©i^i6«sn?Jbs#«^B©®ii^j*©x8ra0T? 

0+©&fiKC3K>x^>^/t2; FfiB (a) . 
tJCSka-XSK (b) ©SrMJgtt*^bTUS. 0 6 
~012ICfe^T. ltt->U3>Sfi. 2BLOCOS 

mm, 6(i#D>u>sis^7XR, 7««j>f-x 

F*U->'J3>K, 8IW>^f>y'JD-'f FK, 9 

50 K#n>u>aK^7XK, i otax^xvgfcjiai 
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ft. 1 1 tt^U-fS Hft - 1 4li7JR^')AI, 1 5 

UeStlTls-Sat, 06~01 2T«0^©t8lfrfc©fc 

[0055] Trie, -fryfj yttl\y FSB (a) fc» 
LOCOSSIbK2±tC^D>>J>3t^7XK6, # 

ti-XSS (b) lc(iLOCOSKft:K2±ic, #n> 

y >m.m%?xm 6 , >j > f-7 f# >j -> u n >m 7 , 
>>)>jm%7zm9t>wfc$tiTKz> me) . 

[0 0 5 6] m-\z, 3>** F*-;H£|i8PL&& 
7) . 

[0057] 7)\,5.-9&mi4 ixzmc?*? >m 1 5 

£fflV>3©te, K&M££{£i£U *»lffl&7;P3 xoae 
H£J£f£-r£fc#T£>£., *>xW>^;t^H«6 (a) 

»j£3n***, %gta.-XSS (b) KliT^Sx^A 

[0 0 5 8] Sgxtc, «SBI<»:LTX5'Xvgfc3iifiBI 
10£Mt5 (08) . SHt, «SK>£SJ?«tCX 
y^>^?"£;fc©©VX^.!:LT, JKIK3FBI1 1£ 
(09) . #>M$FIB1 l\Z*Xm<Dt&ft& 
SWTS # 'MS FETC^S. 

[0 0 5 9] %W\Z. #'MS FRl 1*1 0 0 0X1 

o- s #©si^ST®)tL, m>Tmm&?z> mi 

0) . #>5V >i>7W FgB (a) ©jff'MSFttll 
«^tc^*3ns*t, jLfiki-XSS (b) ©#'M 
5 FMl 1 ttS&£C:«B£3c£nfc^. 

[0 0 6 0] ^Etc, #«M3Ffcl lSVX^il 
T. H7-fXs;^>^»ci»), X^XvsgjtSiiilBI 1 0 
©Xy5 L >i'SrfT5 (01 1) . #>?V>2f/t2/FSB 

(a) ©X5Xvgtoi&18&{i%£Cxy?>^|$5feS 
tt*#. JCgti-XSS (b) ©X^XTgffc&jjslgli 
0«#>MS FBIl 1 *«*fc»*L.a:*9fc»«tJx 

[0 0 6 1] aS*»C> X5Xv^ft3i^Kl OSly? 
>:?Lfc©i:ll-©F7^Xy? 1 >^ge£fflVvr»jB8 
l/T. #>Sr*>iWyF» (a) ©gft^:? 1 5 
W— /X-Xy?>iffcJ:D, Xy^^^BBSf* (0 
12) . -$><f4>iM*t FSB (a) ©gfc? 1 * >BS 1 

^U&IS©UJ*tnK±©feJ&1?*5. £©££, JEfirt 
a-XSB (b) *>*-A-Iy5 1 >ysn*fc», Xy 

^>if^nr\zm^x^tzzfyx-7^mmi^ioifl^ 
±izm&i<nz>. 

[0 0 6 2] fiE3fc©gtf6Ttt, #>5^ >if;ly FSB 
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(a) > 43,fcimfifc:x-XSB (b) ©tf'MSFRl 
1 *%±\Z®£?Zt£tb, #'M3 FRl 1 fcgftfS 
^©S)tS%5 0 Ox 1 0 -'U>T*iSL/T^fc. 
U 5L*to.-X88 (b) ©#>M3FRl 1 
fc^abTbS^t, X7Xvgfc3£3f5|gl 0©F7-f 
X^^ISIc^XvSfciiSSRl 0ftQg£ICRl£3 
n*CU*S. #>f^>yrt?F« (a) 

^ >m 1 5 &^s-r5fc*©*-;\'-x-/5 i >yssi 

J£-f*£, *D>U>^S5tf7XK9*^IC^*$tl 

i0 Tb*K 5tSfflb3.-XE*i^»<*-5»^*tabo 
&. £©$•&, 5Cgfflta.-XE«©Bai»fitt*iiilni 

ft. 

[0 0 6 3] #fgE©J;5fc, #>M 3 FS3t8*©@?K 

XSB (b) ©*>M3 FR£SS£fC«&£Lfc<T«k 
lr>. ^©.fc^&iSjfc&Sc©:^ #>xw>:?/1-y FSB 
(a) ©gfc^XBIl 5<£|iS!5fe-rS^-A , -X<>5 1 > 

^fc. X^Xv&fc&sisigi osx-^^>i/-r-5rt 

[0 0 6 4] #%W©Sg5©^J60ra£. ftgfflhru- 
XSia*t^ > 5r > 5/ U th-f FR <»: U > F~X F # U 
^'J3>K©-BK«ig©«^-fcr3^T^fc**. iJn'J 
->>Jn»S. ^>^U*-f FR, *U^5*>S/U*-f 
FR. ^>^X5 i >Sg^$ffl^fe^)K J f>- 

PK«j§©^g-fe r«©3»***» ens. 

50 [0 0 6 5] *56?g©^5©*SfiC3|7?tt. JCSt^-X 
8K (b) . *U; Zf#><rj >if/\y (a) ©fi^R 
*SKWtrx ; /5 1 > : Ji'-r575:«)©-7Xi'tLT, 
©!^3l£tt3}?U -f 3 FRSffl^fc**, * F Vi?X FK&ffl 

[0 0 6 6] «±©«fc5fc*f8?li©SI§5©^J6W;:«fc*l 
tt. 5C^bn-XSB (b) . *£tf#>5r'f P 
(a) ±©«SRSra#iMlcx»;5 L >^-r^feJe>©* 
FTX^©^^. JC^ta-XSB (b) ±©^Fv7. 
f tt38*'fc|»5&B:r, #>T>f>Wi»HS (a) Jb© 

[0 0 6 7] 01 3*6H1 9tt*»^ 

©^ 6 ©gffi0JT&S¥«#gS©8l&#8;©I@I»lJli 
H"C**. 0+©fe'lffltC3H>7 i -<' >9l\y FSB (a) , 
*ffl!llCJi:gt3L-XSB (b) ©»fffi^tt*^LTV^. 
013fC*^T. lttv"j3>SS, 2SLOCOSK 
ftft 6tt*n>'J>3iK>tf7m 7«'J>F-XF 
*U'>Un>ft 8«^>^X5 t >v' l J-y--f Fft 9« 
50 3pn>u>aK^5Xft 1 0 ttX^Xv^flsa^ 
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1 ltt#'J-f 5 FK, 1 4«7;i/3XtfAI8t 1 5ttg 

StlTHS**, 01 3~01 9T«05*©fi8fcfc©fc© 

[0 0 6 8] (a) fctt 

D>U >aK#7XP9ft<^jfo*nTV>£. 
[0 0 6 9] jLfifcjL-XSB (b) ICIJLOCO 

s»fl:)e2±lc, #n>>J>a86^7^K6, >J>F- 
^WJ->'Ja>R7, ^>^X5 L >-> l JlJ-'f FBI 8© JO 

sttrv** (si 3) . 

[0 0 7 0] SB— ic, P*-;l^MPUfc& 
(0jjrtt"f) . 7MrWI14, %>£tm<!c3-*>y 

mi 5v®f8.2nit7)is=.v&E.m*M&L-rz mi 
4) . yjwsn^A^i Aiizm^pymi 5*m^ 

fS-TSfcfcT&S. #>5*-f>£WyF» (a) Ktt, 
n**». 5ESta.-X^ (b) fcttT^SX^AEiRtf 
[0 0 7 1] JBrifc. fflWil/T^5Xvaft3«B 

iosf*t* (015). »=fc, &HR&aKtt£ 

Iyf>m&»©77i'tl/T, tfU-fS FKl 1 
ftJMTT* (HI 6) . tfU-fSFBtl 1 «*#!!©& 
3t14S=rrs# 'J -f 3 F8TC&5. 

[0 0 7 2] fflHfc, #U-f 5 h'Kl 1*5 0 0X 1 0 

! m|J>©l8^fiTB^b, «V>TS*St« (01 
7) . 50 

[0 0 7 3] maStC, tfU-f 3 FRl 1 STX^fcl, 
T, F^-fXs/^^ICfcD, X^XvgfcSjjilBIl 0 
©X-y^>^Sfr5 (018). 

[0 0 7 4] S^C, »7 5-C©jaKfl;*3l*&«Vi 
T. (a) ©ftfls?^>Hl 5* 

^J*>9W&t% (01 9) . *>5V >£fA? K« 

(a) ©BflS?*>fltl S&Xi/^V^^-r-S©^ 
•7-f >^t&IR©iiJ*<nRf±©fc»T7 
£©££» %sti-XS5 (b) feiiKft:*^* 

[0 0 7 5] «£*©fiffiT?«. X^Xvgfc&iiSBIl 0 
£x y.?- > iff « © £ E-© F7-fXs^> ^SsBfcffl 

(a) 0*flS?^>*tXy?>y|»*UTV»fc. 

u Tcgt^-xas (b) ©^D>u>ae^7xiefe 

#Wt-Xy?>^fc*0^lCXy?>£f4nTL* 
jL^ffl t a.-XE*JW*< &3«£*t&o;fc. 
£©«£< JCfifflta-XE»©S3WaSt**liJ0b, 7l 
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[54] Semiconductor fuse devices 

(57) . A semiconductor fuse device is formed of a 
conductive semiconductor substrate (11) having a top 
surface and a bottom surface. A layer (12) of dielectric 
material is provided on a portion of the top surface and 
a first conductive layer (15) is formed wholly on a first 
portion of the layer (12) of dielectric material and forms 
a first contact of the device. A second conductive layer 
(14) is formed on a second portion of the layer (12) of 



dielectric material spaced from the first portion and 
extends to contact the top surface of the substrate (1 1). 
A fuse portion (16) is formed wholly on the layer (12) of 
dielectric material and extends between and in electrical 
contact with the first and second conductive layers (14, 
15). The bottom surface of the substrate (1 1) provides a 
second contact of the device, so that only one wire bond 
is necessary. 




FIG. 2 
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Description 

FIELD OF THE INVENTION 

This invention relates to semiconductor fuse 5 
devices. 

BACKGROUND OF THE INVENTION 

Igniter devices are known in which a semiconductor 
fuse device is used to ignite explosive material. Gener- 
ally, such semiconductor fuse devices include a doped 
silcon fuse portion positioned on a substrate between 
two contact portions of doped silicon. Wire contacts are 
then bonded to the two contact portions to connect to 
control circuitry, which provides the current necessary 
to blow the fuse at an appropriate time. Such devices 
are particularly used for igniting explosive material used 
to blow up air bags or retract seat belts in automobiles 
for passenger safety. 

The wire contacts are time consuming and expen- 
sive, as well as being unreliable. This is particularly so, 
when explosive material is compacted around the fuse 
device, which compaction can damage the wire bond. 

BRIEF SUMMARY OF THE INVENTION 

Accordingly, the invention provides a semiconduc- 
tor fuse device comprising a conductive semiconductor 
substrate having a top surface and a bottom surface, a 
layer of dielectric material on a portion of the top sur- 
face, a first conductive layer wholly formed on a first por- 
tion of the layer of dielectric material and forming a first 
contact of the device, a second conductive layer formed 
on a second portion of the layer of dielectric material 
spaced from the first portion and extending to contact 
the top surface of the substrate, a fuse portion formed 
wholly on said layer of dielectric material and extending 
between and in electrical contact with the first and sec- 
ond conductive layers, said bottom surface of the sub- 
strate providing a second contact of the device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

One embodiment of the invention will now be more 
fully described, by way of example, with reference to the 
drawings, of which: 

FIG. 1 shows a known prior art device; and 

FIG. 2 shows a device according to the invention. 

DETAILED DESCRIPTION 

Thus, as shown in FIG. 1, a known semiconductor 
igniter device 1 has two contacts 2 and 3 made of an 
electrically conductive material, for example polycrystal- 
line silicon doped with aluminium, on which are pro- 
vided wire bonds 4 and 5 connecting wires 6 and 7 to 



the contacts 3 and 4, respectively. Clearly, the bonds 4 
and 5 are also of electrically conductive material, for 
example solder. 

The contacts 2 and 3 are provided on an insulating 
layer 8 of silicon dioxide, which is formed on a silicon 
substrate 9. The contacts are arranged to be spaced 
from the edge of the insulating layer 8 and from each 
other. Also on the insulating layer 8 is provided an 
igniter fuse 10 extending between the two contacts 2 
and 3 and formed of polycrystalline silicon doped with 
phosphorus to have ***a resistivity of 10" 3 ohrnxm"*. 

As is well known, when an appropriate voltage is 
provided between the two wires 6 and 7, the potential; 
difference across the fuse 10 causes current to flow 
through the fuse, which vapourises and ignites pyro- 
technic material which is compacted around it (not 
shown). The pyrotechnic material then ignites suitable 
gas-generating material which blows up an automotive 
airbag or seatbelt retractor. 

As mentioned above, this structure can be unrelia- 
ble since compaction of the pyrotechnic material around 
the wire bonds can damage them, the wire bonds them- 
selves are relatively complicated to produce and can be 
inaccurately manufactured. 

According to one embodiment of the present inven- 
tion, as shown in FIG. 2, a semiconductor fuse device 
includes a silicon substrate 11, which has been doped 
with arsenic to 2 x 10 19 at/cm 3 to make it electrically 
conductive. An insulating layer 12 of silicon dioxide is 
then formed over most, but not all, of the top surface of 
the substrate 11. A top region 13 of the substrate 11 
which has not been covered by the insulating layer 12 is 
then further doped with Phosphorus to a level of 2 x 
10 20 at/cm 3 to increase the conductivity of the top sur- 
face of the substrate 1 1 adjacent the insulating layer 1 2. 

A pair of contacts 14 and 15 are then deposited on 
the device such that one contact 14 overlies the region 
13 of the substrate 1 1 and extends over the edge of the 
insulating layer 12 to overly part of the insulating layer 
12. The second contact 15 is deposited such that it is 
wholly on the insulating layer 12 and spaced from both 
the edge of the insulating layer and the first contact 14. 
Between the contacts 14 and 15 is provided a fuse 16 
formed of polycrystalline silicon doped with phospho- 
rus, similar to the known fuse described above. 

A wire bond 1 7 is provided to bond a wire 1 8 to the 
second contact 15. The bottom surface of the substrate 
1 1 is provided with a metal layer 19 of Gold or Titanium 
Nickel Gold or any other suitable electrically conductive 
material. The base of the device formed by metal layer 
19 essentially forms one contact for the device, thus 
replacing the need for two wire bonds. In this embodi- 
ment, the voltage is provided between the wire 18 and 
the metal layer 19, which, since the substrate 1 1 is con- 
ductive, produces a potential difference across the con- 
tacts 14 and 15 and therefore causes the fuse 16 to 
vapourise. 

The region 13 is provided with increased conductiv- 
ity in order to minimise the resistivity across the junction 
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between the contact 14 and the region 13 of substrate 5. 
11. 

Since there is only one wire bond, the problems 
associated with wire bonds, as discussed above, are 
halved. The device itself can easily be manufactured s 6. 
using known semiconductor fabrication processes, and 
can, of course, be utilised in any applications requiring 
a fuse, not just in those applications where the fuse is 
used as an igniter. For example, the device can be used 7. 
in applications where so-called "intelligent" fuses are 10 
required. Of course, it will be appreciated that if the 
device is used as an igniter, then the fuse must be such 
that it vapourises in a manner suitable to ignite the pyro- 8. 
technic material (not shown) which is compacted 
around it, whereas if the fuse is not used as an igniter, is 
then it only needs to be of a material which will break 
the electrical conductivity, but not necessarily in a manr 9. 
ner suitable to ignite pyrotechnic material. 

It will further be appreciated that although only one 
particular embodiment of the invention has been 20 
described in detail, various modifications and improve- 
ments can be made by a person skilled in the art without 
departing from the scope of the present invention. For 
example, the structure of the device could be fabricated 
using various different processes. 2s 

Claims 

1 . A semiconductor fuse device comprising a conduc- 
tive semiconductor substrate having a top surface 30 
and a bottom surface, a layer of dielectric material 

on a portion of the top surface, a first conductive 
layer wholly formed on a first portion of the layer of 
dielectric material and forming a first contact of the 
device, a second conductive layer formed on a sec- 35 
ond portion of the layer of dielectric material spaced 
from the first portion and extending to contact the 
top surface of the substrate, a fuse portion formed 
wholly on said layer of dielectric material and 
extending between and in electrical contact with the ao 
first and second conductive layers, said bottom sur- 
face of the substrate providing a second contact of 
the device. 

2. A semiconductor fuse device according to claim 1 , 45 
further comprising a highly conductive region pro- 
vided in the substrate adjacent the second conduc- 
tive layer, said highly conductive region having a 
higher conductivity than the rest of the substrate. 

so 

3. A semiconductor fuse device according to either 
claim 1 or claim 2, further comprising a third con- 
ductive layer provided on the bottom surface of the 
substrate. 

55 

4. A semiconductor fuse device according to any pre- 
ceding claim, wherein said substrate is Arsenic 
doped silicon. 



A semiconductor fuse device according to claim 4, 
wherein the level of arsenic doping is 2 x 10 19 
at/cm 3 . 

A semiconductor fuse device according to any one 
of claims 1 to 3. wherein said substrate is Phospho- 
rus doped silicon. 

A semiconductor fuse device according to claim 2, 
wherein said highly conductive region is Phospho- 
rus doped silicon. 

A semiconductor fuse device according to claim 6, 
wherein the level of Phosphorus doping is 2 x 10 20 
at/cm 3 . 

A semiconductor fuse device according to any pre- 
ceding claim, wherein said fuse is phosphorus 
doped polycrystalline silicon. 
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Ars enic deactivation enhanced diffusion: A time, temperature, 



S^l 11V* X-w~ 

j concentration study 



a) d r Rriffin W T Fang, b) and J. D. Plummer 

^L^S^dS^^S^ii diversity Stanford, California 94305 
(Received 20 March 1998; accepted for publication 3 July 1998) 

The elects deactivation of K £££ ^ a? ^ — 

enhanced diffusion. Expenmental ?^^L»led surface layer. As these structures are 
detector, and a fully activated atsemc doped laser amea* ^ 
annealed at temperatures between 500 and 750 C ars ^ ^ 

observe enhanced diffusion of the buried boron layer A sm) corre lation^etw^, 
diffiisioiUra^ en * anced diffusion for 

concentrations between 3and_4X^^ lowers ^ overall 

the iarge supersaturation of internals n^^JL show that even for temperatures 
enhancement measured m the buned boron ^J em ^ data m convincing evidence that the 
as low as 500 «C. enhanced diffusion is observe LTte^ des nt insights 

enhanced diffusion observed is due tc ' ^cuvau« fonns small clusters of 

SSSSSas— — • 



1. INTRODUCTION 

As silicon device dimensions shrink and electron device 
junctions become shallower, it is becoming more _imporun 
to maximize the conductivity of these regions. For n type 
IZrL is achieved by very high doping concentrates 
o7 rsenic, in excess of lXlOf» cm" 3 . Unfortunately, there 
is a solubility limit beyond which electrical action of 
additional dopant atoms does not occur. It is possible, how- 
eve to reacn metastably high levels of electrically active 
Stfc either through sohd phase regrowth « : laser acu a 
tion or high temperature anneals. 1 ' 4 The subsequent deacti 
vation of this arsenic has been the subject of ongoing £ 
search in order to maximize conductivity _ and develop 
models that accurately. predict activation levels. The pujpose 
of this article ^^^SS^^^T^ 



or tnis arucic is ^ ^o^^^-^-z — _ ori 

nTakd arsenic layers, we investigate this ■Phenomena a^a 
function of time, arsenic concentrate, and tenure, ^e 
experiment is best explained schematically m Fig. 1 where a 
S concentrauon of arsenic layer undergoes a low ternpera- 
tufe anneal, causing significant 

kicked out during the deactivation process enhance the ar 
Won, thus creating, a ^and^ffuse^mto *e sub^ 

strate where " they enhancejhe diffusion jtf a buned boron 
\ marker layer. By monitonng the diffusion enhancements we 

can extract valuable information ^ut the deacuvauon p»- 

cess and how it injects interstitials. Th,s is in fact a more 
' in-depth study of the phenomena investigated previously. 



*>Elecuonic mail: paul rousseau@hpl.hp.com 

Hewlett Packard, 39201 Cherry Street, Newark CA 94560. 



The physical mechanisms proposed for arsenic deactiva- 
tion havebLically been divided along two ^.^cuvated 
clusters of various sizes 3 " 13 or precipitauon. ^More re 
cendy Nobili etal. found in very high concentration 
samples (above IXlO^cm" 3 ) that the SiAs monochnic 
71 Solves as the arsenic diffuses and its concentration 
decreases 17 However, the electrical activauon level is still 
mu h ower L the chemical concentration where thas oc 
curs As shown by Nobili et al. this suggest two solubilities, 
ekctncal and solid with electrically inactive clusters being 
responsible for the difference between me two. 

The monochnic silicon-arsenic precipitate has been 
studied by Wadsten. 18 In this structure, arsenic ha three 
netS neighbors and silicon has four, although not all near- 
trXZr distances are equal. ThJ^noch^c^ 

evi^anouTRt^^ spectrometry (RBS) 

snid es have shown that the deactivated arsenic is coherent, 
S£ some relaxation occurring ™ Some relaxation isev 
-eced as the lattice compression changes dunng 
otaStation 22 Recent standing wave measurements confirm 
«- Z result showing that deactivated arsenic 
^ with ^ejattics 23 In this article, our studies are mainly i a 
~ ^cimrati^egime where the deact >^ 

trical solubility effects, thereby ruling out monochnic pre 
^nitates as the cause for the deactivation, 
^tsentc clusters have long been postulated 
sizes and forms. The arsenic-vacancy cluster is of particular 
n e e^as it seems to offer an electrically inactive, energet, 
X ravorable structure. This can be-seen intuitively in 
chemi al terms, where electrically inactive arsenic means it 
iSnd in its natural chemical state of 4-V. where the p 
orbkals are used in the three covalent bonds (as arsenic in a 
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FIG. 1 . Schematic diagram representing the structures in the experiment, 
where a high concentration arsenic layer deactivates at the surface, kicking 
out interstitials which diffuse into the substrate and enhance the diffusion of 
a buried boron marker layer (dotted lines). 



vacancy cluster has only three nearest neighbors). In con- 
trast, electrically active arsenic is constrained in the lattice to 
form four covalent sp 3 hybrid orbitals. Pandey et al have 
investigated through total energy calculations the As 4 V clus- 
ter and shown it to be energetically favorable compared to 
isolated arsenic atoms in the lattice. 9 Other theoretical calcu- 
lations show that arsenic-vacancy clusters of smaller sizes 
are energetically favorable compared to arsenic only 
clusters. 24,25 It is clear that at least several cluster sizes must 
exist to explain the * 'reverse annealing phenomena' \ 14,26 Ex- 
tended x-ray absorption of the fine structure (EXAFS) data 
have shown the reduction in silicon nearest neighbors from 
four for as-lased fully electrically active material to an aver- 
age of approximately three" after deactivation. 27-29 This is 
convincing evidence of the vacancy deactivation postulate. 
Results do indicate that the As-As bond is not favored, as 
might be expected from simple bonding arguments. Subrah- 
manyan et a! 30 have confirmed the importance of vacancies 
in the deactivation process by either injecting interstitials or 
vacancies from the surface and noting a retarded or enhanced 
deactivation rate, respectively. In an earlier article, we pos- 
tulated that some of these vacancy clusters may be formed 
by an interstitial kickout process. This may be written as: 



As„Si=>As„V+/, 



(1) 



where As„Si represents n (integer 1-4) arsenic atoms around 
a silicon lattice site, As n V represents a deactivated cluster 
with a vacancy, and / represent an interstitial. This process is 
shown schematically in Fig. 2 for the case of n = 2. For our 



laser annealed samples, it is particularly appealing as a sig- 
nificant percentage of the arsenic is in As 2 Si clusters for the 
higher concentrations, assuming a random initial 
distribution. 31 Furthermore, Wichert et al. suggested that the 
AsV 2 cluster was present through perturbed angular correla- 
tion measurements showing the existence of an InAs 2 cluster 
(a similar configuration to the cluster) while observing an 
absence of larger clusters. 32 

If such an interstitial kickout process occurs, it may be 
easily detected as it will enhance the diffusion of nearby 
dopants. This phenomena has been observed in an earlier 
article where a buried boron marker layer detected a large 
interstitial injection during ars enic deactiv ation. 5 More re- 
cently, we have observed this same effect for samples where 
the arsenic was either implanted or in-diffused from polysili- 
con and showed its impact on electrical devices. 33 " 36 In ad- 
dition, during the deactivation process, transmission electron 
microscopy (TEM) detected a considerable amount of inter- 
stitial dislocation loops whose density increased with deacti- 
vated dose even though the implant damage had been re- 
moved by the laser melt process. 37 Furthermore, a recent 
positron anni hilation study with these samples has confirmed 
the presence of vacancies in the large concentrations required 
for the deactivation process and that these vacancies are 
decorated with arsenic atoms. 38,39 Parisini et al. through a 
combination of double-crystal x-ray diffractometry and EX- 
AFS have shown that while a global contraction of the lattice 
exists in the heavily arsenic doped regions, a local expansion 
occurs about an arsenic atom. 40 From these results, they have 
suggested that an interstitial injection occurs as a result of 
the formation of As 2 V clusters. 

It is important to distinguish this diffusion effect from 
the emitter push effect for phosphorus diffusion which also 
exhibits enhanced diffusion of a boron layer 41 For arsenic 
emitters, there have been earlier reportsof arsenic retarding 
the boron diffusion, presumably becaus_e_of the field effect of 
the high concentration n ^y ^dgjWT 42 ^thhe. first report on 
emitter push for arsenic showed quite a^mall effect and only 
at very high boron doping concentration in the base 45 A 
much more conclusive study showed an enhanced diffusion 
phenomena for in-diffusion from arsenosilicate glass with 
low temperature anneals causing arsenic deactivation. 46,47 A 
good review of all these earlier observations can be found in 
Ref. 41. 




As 2 Si <=> As 2 V + 1 



FIG. 2. Schematic diagram representing the formation of an As 2 V cluster by 
kickout of a silicon interstitial. 



II. EXPERIMENT 

The experiments used boron doped (9xi0 14 cm~ 3 ) 
Czochralski (CZ) (100) silicon wafers. An epitaxial buffer 
layer of 100-200 nm of undoped silicon was first grown to 
eliminate any effects from the original ^ubstrate/epi inter- 
face. A layer of 200 nm of 10 18 cm" 3 boron doped silicon 
was then grown, followed by an undoped layer of 400 nm in 
dichlorosilane at 800. °C at a pressure of 60 Torr. 5 Arsenic 
was then implanted at 35 keV and a 7° tilt. The wafers were 
then laser melt annealed to a depth of 200 nm 48 This laser 
melt anneal had three purposes: to obtain a fully electrically 
active initial profile, to obtain a flat arsenic concentration, 
and to remove, imnlant Hamao* NJn cicnifirsnt HSffncirm r>f 
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TABLE I. Time study at 750 °C and temperature study at 500 °C 



Total dose (10 15 cm" 2 ) 




4 


8 


16 


32 


Concentration ( 10 20 cm" 3 ) 
Depth of layers (A) 




2.3 
1740 


4.5 9.1 v 
1780 1760 \ 

Anneal 15 s at 750 °C ) 


18.9 
1690 


Enhancement 




1000 


20971 


17763 / 


8205 


Active concentration ( 10 20 cm" 


) 


jLA) 


' 4.0 




i ^ 
j.j 








//% 




n 






Anneal 8 


min A 750 °C 




Average enhancement 




173 


5400 


1539 


380 


Enhancement (15 s-8 min) 




142 


4745 


984 


124 


Active concentration ( 10 20 cm" 


) 


l.z 


2.6 


1.9 










Anneal 2 h at 750 °C 




Average enhancement 




31 


450 


235 


108 


Enhancement (8 min-2 h) 






90 


132 


83 


Active concentration (10 20 cm' 


) 


l.U 


1.7 


1.5 


1.6 








Anneal 16 h at 750 °C 




Average enhancement 




5.65 


72 


35.3 


14,3 


Enhancement (2 h-16 h) 




1.8 


16 


6 


0.8 


Active concentration ( 10 20 cm' 




0.7 


1.5 


1.1 


1.2 








Anneal 5 


min at 500 °C 




Active concentration 
S^yfctTve concentration 




2.0 


4.2 3.6 
Anneal 50 h at 500 °C 


4.3 


1.8 


1.8 


1.6 


1.8 
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the buried boron layer pcciirred on control wafers during 
these laser melt anneals. Two different wafer runs were uti- 



) 15 crri^And 



lized: the first with doses ranging from 4X10 15 to 3.2 
X 10 16 arsenic cm"" 2 , while the second included wafers from 
1X10 15 to 1.6Xl0 16 cm~ 2 . Tables I and II, respectively, 
give a complete description of the samples. Several control 
wafers were also included in each run. For each epitaxy run, 
there was a control wafer with no implant and no laser an- 
neal in order to verify that the epitaxy itself was not leading 
to enhanced diffusion. Another was implanted with Ge at 35 



keV, with a dose of 8X 10 13 cn£*^nd then laser melt an- 
nealed. As will be seen, this dose was close to the arsenic 
dose that produces maximum motion of the buried boron 
layer. Germanium was selected due to its similar size and 
mass with respect to arsenic, thus creating very similar strain 
and implant damage but with no expected deactivation be- 
havior, as Ge is a column IV element — that is, highly soluble 
in the silicon lattice. Note that the thickness for this Ge con- 
centration was well below the critical thickness for relaxation 



TABLE II. Concentration study at 750 °C and temperature study at 600 °C 



Total dose (10 15 cm" 2 ) 


1 


2 


4 | 6 8 


^= 


16 


Concentration (10 20 cm" 3 ) 


0.45 


1.1 


2.3 { . 3.5 4.6 


5.6 


9.1 


Depth of layers (A) 


2210 


1810 


1740 1730 1750 y 


1780 


1760 








Anneal 4 min at 750 °C 


) 




Enhancement 


19 


55 


— 6788 7513 


3062 


901 


Active concentration (10 20 cm" 3 ) 


0.36 


0.99 


1.5 j 2.6 2.8 


2.4 


1.7 








AnneaUh at 750 °C 






Average enhancement 






— ,W) 351 


309 




Enhancement (4 s-2 h) 






— . $3* 104 


214 




Active concentration (10 20 cm" 3 ) 


0.33 


0.61 


1.2 1.3 1.4 


i 12 


1.5 








Anneal 4 h at 600 °C 


\ 





Enhancement 

Active concentration ( 10 20 cm" 3 ) 



— 144 
0.39 . 0.89 



1.5 1.8 



10 s 
1.9 



I ma. 



1.8 



1.5 



max M<> 
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TABLE III. Controls for both sample sets. . 



Dose 

(10 15 cm" 2 ) 



Laser melt 



Enhancement 



Enhancement 



Sample set 1 



Sample set 2 



No 
implant 



No 



No 



No 
implant 



Ge:8 



No 
implant 



Yes Yes No 

Anneal 2 h at 750 °C 



No 43 No 

Anneal 4 h at 600 °C 



Si 28 : 8 



Yes 



18 



1736 



Ge:8 0£ ^ * 



Yes 



33 



5035 



of a strained Si-Ge lattice. 49 In the first run, an additional 
control wafer was subjected to laser melt annealing but with 
no implant to verify whether the point defects frozen in dur- 
ing the laser melt process might affect the, results. Finally, 
another control wafer was inserted in the second run which 
received a Si 28 implant at 20 keV and a dose of 8 
X 10 i5 cm"* 3 to act as a control with no germanium solubility 
effect. Indeed, the germanium control for the first sample set 
showed some motion and we postulated that germanium 
solubility effects could have been the reason even though the 
samples were below the critical thickness for relaxation 49 
The control samples are described in Table III. 

Samples were annealed in an inert ambient for either 
short times in a rapid thermal anneal (RTA) or in a furnace 
for longer time s. No^e that none of thes e anneals would nor- , 
maily caus e anv significant diffusion of either the arsenic or 
froron la yers. Samples were then analyzed by secondary io n 
mass spectrometry (SIMS) to measure the diffusion of the 
buried boron layers and of the arsenic itself. Changes in ac- 
tivation were measured by Hall effect measurements assum- 
ing uniform deactivation throughout the box-like layer. 31 For 
our as-lased samples, the active doses as measured by Hall 
matched the implant doses within experimental errors. The 
depths of the layers were characterized by SIMS. 

III. RESULTS 
A. Time 

The first wafer run was utilized to study the deactivation 
process with time at a temperature of 750 °C. Times used 
were as lased: 15 s, 8 min, 2 h, and 16 h. The first two 
anneals were performed in a RTA while the last two were 
furnace anneals. An example of the results is shown Fig. 3 
for the 4.5X 10 20 cm" 3 concentration annealed 8 min at * 
750 °C. This anneal causes substantial arsenic deactivation 
but also a large diffusion enhancement (5400 X) for the bo- 
ron. The most striking evidence of deactivation as the phe- 
nomenon responsible for enhanced diffusion comes from the 
hime transient of the effect. Figure 4 shows the evolution of 
the boron marker layer with the anneal time at 750 °C By 
extracting SUPREM 50 (a silicon process simulator) diffusion 
enhancements between each time step, we can show that the 
deactivation and enhanced diffusion are strongly correlated 
in time, as seen in Figs. 5 and: 6, Figure 5 shows th e_amount 
of deactivation per unit time as a function of anneal time at 



750_°C plotted on a log-log scale, Most of the deactivation 
occurs^for^the, short times but the jrocess^ does cnntjnng_for 
l2SS2£iiS^§: Figure 6 shows the diffusion enhancement be- 
tween time points plotted against anneal time, also on a log- 
log scale. Here again we note tharthe enhance ment is maxi- 
mum for short time s^and decreases asjhe jate or arsen ic" 
d eacuv ati on decrea ses. In fact, depending on concentration, 
the deactivation rate decreases^by_J^4_orders^of magnitude 
froriLshort. times to long times while, .the change in diffusio n 
enhancement for these same times is also 3- 4 ordersof. mag=. 
nitude . These similarities between the time transient provi de 
ajstriking confirmation that arsenic deactivation does i ndeed 
occur with interstitial kickout, mer eby_en hancing diffusion . 
Even for . 15 s, a small amount of motion is observed corre- 
sponding to large enhancements but with large error bars. 

Hie enhancement is maximum for the 4.5 X 10 20 cm* 3 
concentration while the higher concentrations exhibit less en- 
hancement. This is especially true for the shorter times while 
the difference is less noticeable for longer times in Fig. 6. 
The fact that the enhancement is reduced for higher concen- 
trations of inactive arsenic can be explained by the formation 
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FIG. 3. SIMS data of the structures utilized in the experiment consisting of 
a buried boron layer capped with undoped epi. Arsenic was then implanted 
and laser melt annealed, creating a box-like profile at the surface (dotted 
lines). The SIMS data showed large enhancement in the diffusion of the 
buried boron layer for this 8X 10 15 cm" 2 As dose (4.5 X 10 20 cm" 3 peak 
concentration). A SUPREM fit reveals that the diffusion coefficient was 
enhanced by a factor of 5400. Also shown is electrical activation levels to 
the box-like arsenic nrnfUft. as Hf».tf»rmin/vi h\> Wall m^ocnr^mpntf 
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0.5 

Depth (microns) 

FIG. 4. SIMS data of the buried boron marker layer as a function of anneal 
time for the 4.5X 10 crrT 3 concentration. Motion is observed at 15 s cor- 
responding to a large enhancement. By 8 min, most of the motion has 
occurred although diffusion is still enhanced for the longer times. 



of dislocation loops as observed by TEM. These reveal that a 
2.3 X 10 cm 3 concentration shows no dislocation loop for- 
mation while they are present for 4.5X 10 20 crrT 3 arsenic 
concentration. 37 Although more interstitials are kicked out 
for the higher arsenic concentrations, they are trapped by the 
dislocations for less net enhancement. 51 Full results for the 
time study are found in Table I. Since diffusion of arsenic 
can also be mediated by interstitials, we would expect that its 
diffusion would also be enhanced. This is indeed the case. 
SIMS profiling done with oxygen sputtering, which has less 
chemical sensitivity than cesium but better depth resolution, 
reveals the presence of an arsenic diffusion tail after anneal- 
ing (see Fig. 7). 

B. Concentration 

The second wafer run was utilized to study diffusion 
enhancement versus arsenic concentration. As was seen in 
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RG. 5. Rate of.deactmtion as measured by Hall measurement as a function 
of anneal time. The rate fe. highest for 15 s, especially for the higher con- 
centrates while for longer times, the rate is similar for all concentrations 
and steadily decreases. Note that depending on concentration, the rate of 
deactivation changes by 3-4 orders of magnitude between initial time and 
final time. 
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Time at 750C (minutes) 

FIG. 6. Net enhancement from SUPREM simulations as a function of an- 
neal time at 750 °C for various concentrations. The enhancement in the 
diffusion required from one time step to the next is considered the net 
enhancement, in contrast to an average enhancement calculated from r = 0 
Depending on concentration, the variation in enhancement is 3-4 orders of 
magnitude. 



the time study, we expect maximum enhancement for con- 
centrations between 2 and 8X 10 20 cm" 3 . The diffusion re- 
sults for a 4 min RTA anneal at 750 °C are shown Fig. 8. For 
clarity, we show concentrations up to 3.5X 10 20 cm -3 in Fig 
8(a), while concentrations of 4.5 X I 0 20 cm" 3 and above are 
shown Fig. 8(b). The results show that up to 2X 10 20 cm -3 
concentrations, very little motion is observed. Above this 
large enhancements are observed with the maximum occur- 
ring for concentrations between 3 and 4X 10 20 cm -3 For 
longer times at 750 °C as well as 4 h at 600 °C, maximum 
enhancement is for the 3.5 X 10 20 cm" 3 concentration. As ex- 
plained previously, at arsenic higher concentrations, disloca- 
tion loops are formed which reduce the amount of enhance- 
ment 2Q detected in a buried boron layer. For a 2.3 
X 10 cm 3 concentration, the data shown previously for 
the time study show little enhanced diffusion. Arsenic diffu- 
sion tails as a function of concentration also exhibit more 
diffusion for the intermediate concentrations (Fig. 9). The 
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tail is observed that is consistent with an interstitial supersaturation 
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(b) Depth (microns) 



FIG. 8. (a) Boron marker layer for various arsenic surface concentrations 
annealed 4 min at 750 °C. The motion becomes significant for arsenic con- 
centrations greater than 2X 10 20 cm" 3 . The front of the boron profile is cut 
because of interaction with the arsenic surface layer, (b) The same as (a) but 
for higher arsenic concentrations. Enhancement decreases above 4 
X 10 20 cm -3 because of dislocation loop nucleation which reduces intersti- 
tial supersaturation. 



important result to observe is the tail diffusion for the 4.5 
X 10 20 cm" 3 arsenic concentration which results in maxi- 
mum arsenic motion, in agreement with the results observed 
for the boron. It is interesting to plot active concentration 
extracted from Hall data as a function of chemical concen- 
tration. This is done for samples annealed forJ2 h_at 750Jg, 
as these are the closest to equilibrium in the concentration 
study. As can be seen in Fig. 10, there is a saturation of the 
electrical solubility for chemical concentrations above _1 
X 10 20 cm" 3 , although some deactivation still occurs for 
lower chemical concentrations. We note that even for the 
lowest concentration in our study, 4.5X 10 19 cm" 3 , some de- 
activation occurs at 750 °C even though we are under the 
electrical solubility for that temperature. 17 Actually, the the- 
7 oretical work by Berdin g et al does show a very pronounc ed 
s houlder in the electrical cn1nhi|ity starting at ; 2-3 
X 10 19 cm" 3 for 700 °C 24 However, it shows a softer solu- 
bility saturation than that observed in Fig. 10 and more work 
is required on this topic to explain this, as well as verify with 
our samples whether anamolous deactivation of arsenic is 
observed at even lower concentrations. 52 




Depth (microns) 

FIG. 9. Arsenic tail diffusion as a function of concentration for a 2 h anneal 
at 750 °C The 4.5 X 10 20 cm" 3 concentration exhibits the most tail diffu- 
sion, in agreement with results for the boron marker layer. 

C. Temperature 

The analysis of enhanced diffusion versus temperature is 
now described. Although we have described enhanced diffu- 
sion for a temperature of 750 °C, we find that it occurs at 
600 °C and even as low as 500 °C. In fact, it is expected that 
as long as deactivation occurs, we would expect to observe 
enhanced diffusion even for lower temperatures. The features 
of the diffusion for the 500 °C case are quite interesting. 
After a 5 min anneal at 500 °C, we observe that there has 
been some motion of the boron by a rounding of profile 
edges. This corresponds to a huge enhancement even though 
the total amount of motion is small. The fact that we do not 
observe more motion even though significant deactivation 
has occurred is consistent with this same behavior for 15 s 
anneals at 750 °C After 50 h, the motion is clearly seen and 
the shape of the profile has a characteristic exponential pro- 
file instead of Gaussian (Fig. 11). This can be explained ei- 
ther as a single hop diffusio n with a lqng_dif fusion path or as 
a so lubility effect in the boron where the exponentia l-like tail 
arises from the combination c^ajjaussjan diffusion on the 
declustered boron with the immobile clustered bor on. A 




FIG. 10. Active arsenic as a function of total chemical concentration. Also 
shown is the ideal case where all the arsenic is electrically active (dashed 
line). 
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FIG. 11. Boron marker layer after the 50 h anneal at 500 °C for 4.5 
X 10 20 cm" 3 concentration. The shape of the diffusion is clearly not Gauss- 
ian but rather exponential. This indicates either boron clustering or a one 
hop diffusion. 
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FIG. 13. Control wafers for 2 h anneal at 750 °C for sample set 2. Control 
shows no motion indicating good epi quality while Si and Ge implants show 
small amounts of motion. Note that the initial boron marker layer was not as 
steep as for sample set 1 . 



small amount of arsenic motion is also present as demon- 
strated by Fig. 12. In any case, we cannot extract simple 
d iffusion enhancements at 500 °C from SUPREM for these 
Hata rwanse. of the profile shape. A t 600 °C, enhancements' 
can be extracted and can be as large as 10^ (Table II). 

D. Controls 

In these experiments, several controls were utilized as 
described earlier. Epitaxy quality was monitored by unim- 
planted samples which exhibited no enhanced diffusion. The 
sample that was just lased with no implant showed no mo- 
tion indicating that the laser melt anneal did not freeze in 
enough excess point defects to influence the boron diffusion. 
It also confirms that the laser treatment itself did not diffuse 
the buried layer. The only controls which did show some 
diffusion were those implanted with either germanium or 
silicon. In both cases, this enhanced diffusion was much less 
than what we observed in the case of arsenic. Figure 13 
shows the control cases for sample set 2, after a 2 h anneal at 
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FIG. 12. Arsenic diffusion at 500 °C for 5 min and 50 h anneals for 4.5 
X 10 20 cm" 3 concentration. Diffusion of arsenic shows a small tail, as for 
750 °C. A similar profile was observed for the 9. IX 10 20 cm"" 3 concentra- 
tion. 



750 °C The germanium control does show a little motion 
and the reason for this is not well understood. We speculate 
that this might be due to solubility effects of germanium in 
silicon (nucleation of precipitates) and this motivated the in- 
clusion of the silicon control. For silicon, the enhancement is 
small (much smaller than implantation damage enhance- 
ments) and still not fully understood. One possibility might 
be ion channeling beyond the melt depth during implanta- 
tion, before the amorphizing dose was reached. At 600 °C, 
although the enhancements are quite large, the amount of 
motion is actual ly quite small , resulting in large error bars. 
What is clear is the definite smoothing of the profiles, indi- 
cating some enhanced diffusion. Control samples are de- 
scribed in Table III. 

IV, DISCUSSION 

These results clearly suggest that electrical deactivation 
of arsenic injects interstitials resulting in enhanced diffusion. 
The study of deactivation with time shows that the transients 
for both phenomena are similar, indicating a relationship. 
The presence of dislocation loops complicates the analysis. 
For example, analysis with concentration shows a maximum 
of diffusivity enhancement for a 3-4X 10 20 cm" 3 concentra- 
tion above which dislocation loops reduce the enhancement. 
For arsenic co ncentrations of 1 X 10 20 cm" 3 and below, ve ry 
little deactivation occurs. Hence there is a small concentra- 
tion window to determine whether the interstitial injection 
scales with the arsenic deactivation dose when dislocations 
dp not occur. Figure 6 reveals that while the enhancement for 
. the 4.5 X 10 20 cm" 3 concentration is typically more that an 
order of magnitude greater than that for the 2.3 X 10 20 cm** 3 
concentration, the amount of deactivated arsenic per unit 
time is typically greater only by a factor ofj>X. This differ- 
ence is not well understood! It may be due in part to the rapid 
initial deactivation that occurs for the higher concentrations. 
Assuming a random initial distribution of arsenic atoms after 
the laser melt anneal, die 4,5 X.10 20 cnT 3 sample would have 
four times_mQre_^As 2 Si clusters than that of the 2.3 
X,10 20 cm" 3 sample. . 
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It is important to address the various possible causes for 
enhanced diffusion. Fair has suggested that a mechanism 
similar to the well known phosphorus emitter push effect 
may be occurring. 41 . In such a case, the enhancement of the 
boron should just depend on the diffusion of a high concen- 
tration arsenic layer and not on how strongly active it is. 
However, we observe a transient in the enhancement that is 
well matched with the transient for deactivation. The only 
way we could explain this transient with a phosphorus-like 
kink and tail diffusion effect is to assume that the inactivity 
of the arsenic renders it immobile and hence it would not 
contribute to the enhancement. In such a case the fact that 
more arsenic is active and mobile initially could explain a 
small transient. This explanation is not satisfactory as the 
difference in enhancement with time is quite large (3-4 or- 
ders of magnitude) and similar to that of the deactivation, 
while the difference between active and inactive populations 
is much smaller (a factor of 2). Finally, we have shown that 
it is the order of the anneals and the process of deactivating 
that is critical, not the anneals themselves. 34 The phosphor- 
ous push effect results from the fact that phosphorus is a 
rapid diffuser but this is not the case for arsenic. 53 These 
reasons indicate that this explanation is not the cause for the 
enhanced diffusion. 

Another possible explanation for the enhanced diffusion 
has been advanced by Hu. 54 He reasons that the anomalous 
diffusion seen by Shibayama et ai 46 is the result of point 
defect populations as they go from their higher temperature 
equilibrium to the lower temperature. Our control experi- 
ments allow us tp rule out this explanation at least for un- 
charged point defects since the controls see the same tem- 
perature anneals with the associated point defect populations 
but exhibit little or no enhanced diffusion. Even for charged 
defects, Hu's model would not explain why very little en- 
hancement is observed below 2X 10 20 cm" 3 but much more 
is present for 3X 10 20 cm" 3 and above. However the fact 
that these numbers are close to the electrical solubility sup- 
ports the deactivation hypothesis. Finally, we restate some of 
the physical evidence that supports the deactivation model. 
Although the presence of a surface allows these point defects 
to form or recombine independently, the presence of large 
supersaturations of interstitials, as witnessed in the disloca- 
tion loops observed in these samples 37 as well as large con- 
centrations of vacancies in the deactivated samples, 38 is more 
in accordance with the proposed deactivation mechanism. 

The mechanism of interstitial kickout to form deacti- 
vated structures is consistent with much of the published 
evidence. TEM observations have observed dislocation loops 
but were unable to account for all the inactive arsenic by 
counting those loops. 16,37 Parisini et al have identified these 
loops as interstitial in nature. 40 These loops follow a very 
similar trend with respect to dose and the types of dislocation 
loops seen for implants. 55 For lower concentrations and in- 
terstitial supersaturations, rod-like defects appear while at 
higher concentrations, smaller and more numerous disloca- 
tion loops form. Hirota et al. 56 have shown the appearance of 
dislocations loops with arsenic for anneals that cause deacti- 
vation. Their work clearly shows dislocation loops forming 
during a deactivation anneal of 6 h at 850 °C This is not 
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only true when the arsenic is implanted but also when it is 
in-diffused from polysilicon, a case where there would be no * 
residual implant damage. TEMs show no dislocation loops 
after the high temperature in-diffusion of arsenic from poly, 
but show formation occurring only after the lower tempera- 
ture deactivation anneal. For lower concentrations, they ob- 
serve no dislocation loops for both cases: implant and in- 
diffusion from polysilicon. These results are in accord with 
diffusion enhancements measured for these methods of intro- 
ducing arsenic. 34 

Although we have just presented enhanced diffusion 
during a deactivation following a laser melt anneal, there is 
evidence that enhanced diffusion can occur during any deac- 
tivation whether following solid phase regrowth or in previ- 
ously deactivated and reactivated arsenic. Device experi- 
ments have shown enhanced diffusion during arsenic 
deactivation following a RTA activation right before back 
end processing of bipolar complementary metal-oxide- 
semiconductor (BiCMOS) wafers. 33 ' 34 This indicates that 
each activation/deactivation cycle in" a fabrication process 
due to processing steps at various temperatures can result in 
enhanced diffusion. Although this is not well understood, we 
propose the following possibility. During a RTA activation 
some vacancy clusters break up, which may lead to the for- 
mation of active As„Si clusters as well as isolated active 
arsenic atoms. In the following deactivation, the As n Si clus- 
ters may generate new interstitials by repeating the kickout 
process. This whole process can be repeated but does require 
a source of interstitials. These may be supplied indirectly by 
the recombination of vacancies with either the surface, dis- 
locations loops, or by Frenkel recombination. 

V. CONCLUSION 

In conclusion, we have presented experiments that show 
that arsenic deactivation enhances diffusion for low tempera- 
ture anneals. The explanation proposed is the formation of an 
As„V cluster by kickout of the associated interstitial. Strong 
correlations in the time transients of enhanced diffusion and 
deactivation indicate that the latter is the cause for the 
former. In addition, previously published evidence supports 
this model, 
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